was my thesis advisor and I am grateful for his advice and encouragement. I also found special profit from talks with Professors Ralph McKenzie and Don Pigozzi. Some of the results below were announced in [10] , [11] , and [12] .
?1 gathers together those results from [13] which are essential in the remainder of the paper; the section also contains several new theorems useful in ?2. Unfortunately ?1 is rather technical and the interested reader is encouraged to consult [13] especially concerning the proof of Theorem 1.7. ?2 contains six theorems. The first three are general undecidability results with relatively simple proofs. The others have a more specialized character and the last two have more delicate proofs. It has turned out to be unwieldy to present proofs of all the undecidability results accessible by our methods. Instead it is hoped that the reader can reconstruct the remaining proofs.
Our general references in algebra are Gratzer [3] and Henkin, Monk, and Tarski [4, Chapter 0]. The reader is assumed to be familiar with basic notions from universal algebra such as congruence lattices and subdirectly irreducible algebras. Chang and Keisler [0] is our principal reference for notions and notation from model theory and first order logic. Tarski's survey article [24] is our reference for concepts specific to equational logic. The reader unfamiliar with undecidable theories and recursive functions is referred to Rogers [21] .
The remainder of this introduction is a summary of our results. Let A be a set of equations. A is consistent provided A has an infinite model; A is equationally complete if A is consistent and the same equations hold in any two nontrivial models of A; A is irredundant if A {-} fr for all 8 E A; A is K-categorical provided A is consistent and any two models of A of cardinality K are isomorphic; A is decidable if {8: A H 8} is recursive; A is a base of T provided T is a set of equations and A and T have the same models; A is essentially finitely based provided every extension of A is finitely based; A is residually small if there is a cardinal which is an upper bound on the size of the subdirectly irreducible models of A; A is residually finite if all subdirectly irreducible models of A are finite; 'y is a nontrivial congruence lattice identity provided 'y is a lattice identity which fails in the lattice of congruences of some algebra; A satisfies the congruence lattice identity y if 'y is true in the lattice of congruences of every model of A. VA = {n: A has an irredundant base of n equations}.
What follows is a table of undecidable properties of finite sets of equations which have been established by the methods described below. Various weak conditions are sometimes imposed on the language and these conditions are described in ?1. If P(Y) is a property of the sets E of equations and L is a language, then the corresponding line in the table means that {E: P(Y) and E is a finite set of L-equations} is not recursive. I have tried to cite the literature and give credit to the people who discovered the various results. Where one of the results is proved in the body of this paper the appropriate theorem is cited by number-special cases and immediate corollaries are treated similarly. [18] , and [19] where sets satisfying the subterm condition are said to be nonoverlapping. Some fundamental results concerning the subterm condition which are required in this paper were established in [13] . For convenience they are repeated here without proof as are a few other necessary theorems from the literature. only one variable occurs in p then p' has no fixed points. As will be observed in some of the arguments in the next section we will often find it desirable to translate from one language to another by means of a system of definitions. We assure the faithfulness of the translation by selecting a set of defining terms which satisfies the subterm condition. The next few definitions specify the translation device we use. DEFINITION The language in which the key undecidability result, due to Mal'cev, is formulated has two operation symbols and both are unary. For technical reasons it is more convenient to reserve the four letters f, g, h, and k to be unary operation symbols and Lo to be the language with exactly these operation symbols. This theorem does not hold for languages which are not strong. Consider the language Lo and let 0 = {fvo, gvo, hvo, kvo}. There is no set A of Lo with A l 0. In fact we could take 0 to be any set consisting of all LO-terms in vo whose length is less than a given n > 1 and the same would be true.
THEOREM 1.16 (THEOREM 2.9 IN [13]). (i) If L is a nontrivial language, then there is a denumerably infinite set A of L-terms which satisfies the subterm condition such that vo occurs in each of the terms in A.
(ii) If L is a strong language, then there is a set A of L-terms which satisfies the subterm condition such that for each n > 0 the variables VO, Vn1 occur simultaneously in infinitely many terms in A. ? 
Undecidable properties.
In this section we will establish several of the undecidability results mentioned at the conclusion of the introduction. The proofs not included differ in detail and, to some extent, in conception from those presented here; but they do not differ in spirit and it is hoped that the interested reader will be able to devise for himself the proofs not included. It is not surprising that arguments establishing the undecidability of various properties of finite sets of equations in strong languages are simpler than those for the wider class of nontrivial languages. We begin this section with three theorems of a rather general nature that have between them most of the results mentioned in the introduction as special cases provided the language is strong. The rest of this section is devoted to obtaining theorems about nontrivial languages. Here I do not know any comprehensive general theorems and my approach to these results is more ad hoc. We begin with the single place in this paper where existential quantifiers are important. 3. Discover some common algebraic or logical properties of finite sets of equations which turn out to be decidable.
4. Develop the theory of decidable properties of finite algebras. Many properties here appear to be decidable and analysis according to computational complexity would be of interest. It is not known whether the set of finitely based finite groupoids is recursive, cf. Perkins [15] .
